In this paper, we establish a system model, including shadowing, multiapth fading, antenna diveirsity and voice active factor, to estimate the system performance with considerations of the perfect and imperfect power control by using outage probability. Based on our calculations, it is shown that the system performance is sensitive to multipath fading, antenna diversity, and the power-control error. From our simulation results, three schemes are derived as follows: (1) The average power control is not powerful enough to maintain a minimum required number of subscribers per cell in fading environment or imperfect conditions; (2) Antenna diversity can be used to improve the system capacity in all conditions, not only considerations with the perfect power control, but also with the imperfect power control; (3) The system capacity is decreased rapidly by multipath fading and the power-control error.
INTRODUCTION
The CDMA technique is based on spread spectrum communications that channels are distinguished by special pseudonoise (I") sequences [I] . Ideally, each I" sequence is uncorrelated, and each channel is not infered with others. In fact, if the different grade of the uncorrelation between the I" sequences is grown up, the expected uncorrelation can be achieved. In real situations, there is the near-far effect in cellular CDMA systems. Due to this effect, if there is a very strong signal exists in communications, all other subscribers must reject this interference from the strong signal to keep their communications away from distortion. Therefore, the system capacity and quality is decreased rapidly. In order to compensate for this influence and interference, some modifications are needed to make real !system approach to theoretical performance -the power contmfis developed for this purpose. In practical eellurar CDMA systems, there are several imperfections between the subscribers and the base station, such as user's distribution, the power-control error, finite diversity, and finite power-control range, etc.. by considering the outage probability and system capacity. In this paper, we attempt to establish a system model which can estimate the system performance accurately. We combine shadowing, multipath fading, Doppler effects, and antenna diversity, etc. into our model. Based on our system model, we do mathematic derivations to calculate the system performance, such as outage probability and system capacity, with considerations of the perfect and imperfect power control. From our calculations, we find the system performance is sensitive to multipath fading, antenna diversity and the power-control error. The antenna diversity is a powerful technique in compensating for environmental influences and the implementary drawback. This paper is organized as follows. Our system model is explained in section 11. Some mathematic derivations of the single cell under the perfect and imperfect conditions is gotten in section 111. The numerical results and discussions are presented in section IV.
SYSTEM MODELS
In general, the target area is covered by several cells to form the cellular mobile CDMA system and every subscriber can just connect to one base station at a time. There is only one base station per cell to control the subscribers who locate and move within the celll. Many effects of channels and systems between the subscribers and the base station will interfere the communicated quality and system capacity. These propagated factors include path attenuation, shadowing, multipath, Doppler effects, weather and atmosphere. The effects of the system designs include antenna diversity, voice active factors, and power control schemes. For simplification without losing generality, we assume that all subscribers within the cell are distributed uniformly. The background noise is fixed and much smaller than interference. The general form of the received power can be expressed as:
where r is the distaace; f is the received frequency; l(t) is the shadowing effect; s ( t ) is the fading effect; no(t,T) is the background noise; g ( r , j , T , c, 'p) is the power control scheme; t i s time; T is the power-controlled delay; and CP is the voice active factor. The power control scheme is :
where equation (2) is for strength-based power control, and equation ( 3 ) is for average power control, and the functions of h ( r , [ ) and y (~, p ) are the power control scheme of compensating for shadowing and fading. The received power is classified into two types based on the our system model. One is the single-cell system, and the other is the multiple-cell system. Their models are defined as follows.
Single-cell Model
For easier tests, we just assume that there is only one cell in the whole area to provide services to all subscribers, such 0-7803-3692-5/96 0 1996 IEEEas a satellite communication system. In this system, there is not any interference from outer cells. The system performance is just affected by the influences within the cell. The mathematic description of the received power for strengthbased power control is :
where Af (7) is the Doppler shift, A is the propagation constant. For the average power control, the equation of the received power can be got by substituting the equation (3) into the equation (4).
Multiple-Cell Model
In conventional mobile systems, there are several cells to form a complete cellular system, and the size of each cell is generally small. The major difference between the singlecell and multiple-cell system is the source of the interference. In multiple-cell systems, the sources of interference are divided into two parts. One is generated from the inner cell, and the other is from outer cells. The propagation models of the inter interference between the subscriber and the base station is all the same to the single-cell system. The received power of the outer interference is affected by many effects, which are path attenuation, shadowing, multipath fading, Doppler effect, and voice active factors, of the channels and system. The received power of i-th outer interference is :
The mathematic description of the i-th received power for strength-based power control is expressed as follows:
For the average power control, the i-th received power is equal to equation (7) without parameter I.
MATHEMATIC DERIVATIONS OF
Based on our system model, we use the outage probability as the system performance index to estimate the system capacity with considerations of the perfect and imperfect power control. The forward link power control of the single-cell system is not needed to eliminate the adjacent-cell interference [ 3 ] . We just consider the reverse link power control to improve the system performance. The statistical models of propagated factors and system parameters are:
User's distribution : uniform distribution Shadowing : lognormal distribution [3] Multipath : Nakagami distribution [8] and fixed received path JU Antenna diversity : selective diversity [9] A voice active factor : binomial distribution [3] The typical bit error rate is smaller than ,and the minimum required received signal to interference ratio (SIR) is 0.032 under the spread bandwidth W =1.25MHz and bit rate R=8k bps. The received SIR is defined as follows :
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We do the mathematic derivations to estimate the system capacity by calculating outage probability under the two conditions. One is the perfect power control applied into the system, and the other is the imperfect power control which is caused by power-controlled delay T .
Perfect power control
The mathematic condition of the perfect power control is that the power-control delay -i -is equal to zero. In other words, the power-control response of compensating for influences is ideal. Substituting the equations (2)-(4), M antenna-diversity branches, and JU received path into equation (8) by using balanced power control. After some manipulations, the received SIR can be rewritten as follows
The outage probability of the system with perfect power control can be found by equations (9) for average power control ,and (10) for strength-based power control. where p is the received power and p i s the average received power.
Imperfect power control
We discuss the power control error based on our model in section I1 with the two different cases: one is the average power control, and the other is the strength-based power control.
Average power control
When the power-controlled delay is considered in estimating the system-performance index, we must model the physical situation and the mathematic analysis, first. The average power-control scheme does not co,mpensate for fading, and then the power-control error only expresses in eliminating the shadowing effect. The power-ccontrol error is represented by the lognormal distribution with different parameters to shadowing. The strength level of the power-control error is presented by the logarithmic variance, denoted by UE , and the power-control error is all the same to every user in statistics ( the same probability density function ).
Strength-based power control
If the strength-based power control is applied to the system, the power-control error will appeal" in slight shadowing and fading, caused by power control compensation. In other words, the system imperfectly eliminat'es both the shadowing effect and the fading influence. The power-control error in fading can also be reduced by antenna diversity, because it can be seen as the slight fading effect with the perfect average power control. The mathematic descriptions of the received power in the above cases are written as follows :
Substituting the equation (17) for st:cength-based power control, and (18) for average power control into the equation (8), we can find the outage probability of imperfections after some manipulations as the procedure done in above subsection.
where the probability density functions in equations (19) for strength-based power control ,and (20) for average power control are described as follows : 
NUMERICAL RESULTS AND
In the above section, we get the general forms of outage probability under the perfect and imperfect conditions based on our system model. We apply the Maple V release 2 to calculate the equations ( I l ) , (12), (19) , and (20). Based on numerical calculations with different parameters, we can get several results as follows. In Fig. 1 , it is shown that the antenna diversity can be used to increase the system capacity even if the perfect strength-based power control is applied in the system. Fromi the Fig. 2 , we know that the average power control is not properly used under a fading environment to maintain a minimum required system capacity. In Fig. 3 , it is shown that the system capacity with the perfect strength-based power control is also decreased rapidly by multipath fading. In Figs. 1 -3 , we calculate the outage probability with perfect conditions. In Figs. 4 -6, we estimate the system capacity by using the outage probability with imperfections. In Fig. 4 , it is shown that the system performance is influenced by the power-control errors of compensating for both shadowing and fading. In Fig. 5 , we realize that the system performance is severely influenced by the power-controlled error's factor of fading. In Fig. 6 , we get that the system with the imperfect average power control is almost dropped out by the power-control error. Both the strength-based power control and antenna diversity must be applied in the system with considerations of perfections and imperfections.
DISCUSSIONS

CONCLUSION
In this paper, we have established a modified system model in DS/CDMA for cellular mobile radio. From the previous section, the numerical results are reasonable to explain the effects of channels and systems. In real situations, the subscribers are not always distributed uniformly, and the number of multipath is not fixed. In order to approach the practical system, the advanced test of our multiple-cell system is needed to prove further. Therefore, our future research must consider above situations one by one to estimate the system performance more accurately. 
